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Abstract: Gravel-bed rivers inherently show a certain degree of variability in Grain Size Distribution 
(GSD), which strongly alters the characteristics and dynamics of alluvial bars at the macro-scale 
(Lanzoni, 2000b; Singh et al., 2017). However, the understanding and the modelling of the impact of 
sediment grading on bar morphodynamics remains limited (Siviglia and Crosato, 2016). In order to 
investigate the impact of grain size heterogeneity on bar morphodynamics, a set of two-dimensional 
fully-nonlinear morphodynamics numerical models, based on the laboratory experiments of Lanzoni 
(2000a,b), have been implemented in the Telemac modelling system (TMS). 
Morphodynamic processes are modelled with the 2D depth-averaged hydrodynamics solver of the 
TMS (TELEMCAS-2D), internally coupled to the sediment transport and bed evolution module 
(SISYPHE). Three bedload formulas are adopted in the present study: the original formula proposed 
by Meyer-Peter and Müller (MPM) (1948) used for uniform sediment transport, the MPM formula 
modified with the hiding/exposure factor proposed Egiazaroff (1965) for modelling graded sediment 
transport, and the formula of Wilcock and Crowe (2003) used for the transport of graded sediment. 
The model is based on the active layer concept of Hirano (1971) for sediment mass continuity, with an 
improved algorithm for vertical sediment sorting based on the work of Reisenbüchler et al. (2016). 
The numerical models simulate sediment recirculation from downstream boundary to the upstream 
boundary, which was used in the laboratory experiments. Two distinct laboratory experiments of 
alternate bar formation carried out by Lanzoni (2000a,b) are reproduced numerically, one using 
uniform sediment, the other one using graded (bimodal) sediment. 
The results of the numerical simulations show that taking into account hiding-exposure effects is 
necessary to mimic the same patterns of sediment sorting as observed in the laboratory, with the 
accumulation of coarse sediment on the top of the bars and the presence of finer sediment in the pools. 
These effects appear to enhance the stability of the numerical simulations with a smoother (more 
realistic) topography on the bars and a more coherent spatial distribution of the different grain sizes in 
the riverbed. On the other hand, the results suggest that depending on the configuration of the 
morphodynamic system (e.g. sediment transport mode), the vertical sorting of sediment (i.e. formation 
of distinct sediment layers) can affect the bar properties such as amplitude, wavelength or celerity. 
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